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A complete set of spectroscopic data is indispensable when using Rydberg states of trapped ions for
quantum information processing. We carried out Rydberg series spectroscopy for nS1/2 states with
38 ≤ n ≤ 65 and for nD5/2 states with 37 ≤ n ≤ 50 on a single trapped 40Ca+ ion. From a nonlinear
regression to resonance frequencies, we determined the ionization energy of 2 870 575.582(15) GHz,
measured 60 times more accurately as compared to the accepted value and contradicting it by
7.5 standard deviations. We confirm quantum defect values of δS1/2 = 1.802995(5) and δD5/2 =
0.626888(9) for nS1/2 and nD5/2 states respectively, which allow for unambiguous addressing of
Rydberg levels of Ca+ ions.
Single trapped ions and ion crystals are employed for
high-precision spectroscopy and frequency standards [1],
for fundamental quantum optics experiments, for quan-
tum simulation [2] and quantum computing [3]. This
success is based on the near-to-perfect control of their
electronic and vibrational quantum states. If the valence
electron of ions is excited to the states with high principal
quantum numbers n, called Rydberg states, ions feature
additional and exotic properties [4]. Similar to the neu-
tral Rydberg atom counterpart, where experiments suc-
cessfully demonstrate quantum entanglement [5, 6] and
quantum simulation [7, 8], Rydberg ions can be exploited
for their tunable, strong dipolar interactions and large
polarizabilities [9–11]. The combination of advantages
of trapped ions with those arising from exotic Rydberg
properties are opening novel pathways to generate multi-
particle entanglement [12, 13], quantum simulation and
computation [14, 15].
However, to fully establish the novel quantum platform
of Rydberg ions, a reliable and complete set of accurate
spectroscopic data is essential. Our endeavor for pre-
cision spectroscopy of Rydberg levels uses a single cold
trapped ion, thus minimizing systematic line shifting ef-
fects. We discuss the results for eighteen nS1/2 and four-
teen nD5/2 Rydberg transitions in
40Ca+ to determine
the ionization energy of 40Ca+ with high accuracy and
extending high resolution spectroscopy in Rydberg neu-
tral gases [16] to Rydberg ions. We first describe the ex-
perimental setup, and discuss our spectroscopy sequence.
Spectra are analyzed, line-shape models are discussed, to
determine an error budget for the value of ionization en-
ergy and quantum defect.
We employ a segmented linear Paul trap driven with
a radiofrequency (RF) voltage to generate the confining
potential in x − y plane and static voltages applied to
endcap and segmented electrodes for the z-confinement
of 40Ca+ (Fig. 1(b)). Under typical operation condi-
tions with a RF drive of ΩRF = 2pi × 14.56 MHz and
amplitude of Vpp = 580 V we obtain secular trapping
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FIG. 1. a) Diagram of relevant energy levels in 40Ca+ with
transition wavelengths for laser cooling, Rydberg excitation
and state detection, Zeeman substructure omitted. b) Sketch
of setup with two out of four segmented trap electrodes (yel-
low) visible in top view. UV-beams near 213 nm and 287 nm
enter counter-propagating through holes in the endcap elec-
trodes (grey). Viewports and lenses (light blue) allow for
optical access of beams at 397 nm, 866 nm, 854 nm. From
the top, a beam near 729 nm is focused by an objective lens
with 0.27 N.A. on the ion. Fluorescence light scattered by the
ion near 397 nm is collected also by this objective, steered by
dichroic mirror on an EMCCD. A homogeneous magnetic field
of 5.573(3)×10−4 T is applied in the z-direction.
frequencies of ωx,y,z = 2pi × {950, 1270, 555} kHz. A
single ion is loaded into the trap by photoionizing from
a neutral Calcium beam [17]. To avoid contamination
of the trap electrodes, which may cause parasitic elec-
tric fields and surface charges, we use a separate loading
zone and transport the ion then to the shielded central
zone. For Doppler cooling and optical pumping of the
ion, we employe lasers at 397 nm, 866 nm, 854 nm and
729 nm, driving the 4S1/2 → 4P1/2, the 3D3/2 → 4P1/2,
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FIG. 2. (a) 3D5/2(mJ = −5/2)→ 5P 3/2(mJ = −3/2) excitation spectrum, (b) 3D5/2 (mJ = −5/2)→ 38S1/2(mJ = −1/2) exci-
tation spectrum and (c) 3D5/2(mJ = −5/2)→ 55S1/2(mJ = −1/2) quantum interference (QI) spectrum. Measurements (dots)
and fits (solid lines) are shown. In (a) and (c), error bars depict quantum projection noise for 50 sequence repetitions and in
(b) for 100 ones, see details in text. (d) Transition frequencies of the S states fitted to Eqn. 1 and its fit residuals. The data
were obtained from two-photon excitation spectra (blue circles), QI spectra (red diamonds), and from both (purple triangles),
error bars show the statistical uncertainty.
the 3D5/2 → 4P3/2 and the 4S1/2 → 3D5/2 transitions,
respectively (Fig. 1(a)). Laser-induced fluorescence near
397 nm was collected using an objective system and im-
aged into a electron-multiplying charge-coupled device
(EMCCD) camera.
We excite Rydberg states in a two-step process
with ultra-violet (UV) light near 213 nm and 287 nm
wavelength, addressing the 3D5/2 → 5P3/2 and
5P3/2 → nS1/2 or 5P3/2 → nD5/2 transitions, respec-
tively (Fig. 1(a)). The UV beams stem from frequency
quadrupled lasers at 852 nm and 1144 nm, both stabi-
lized to reference cavity for a linewidth of 1.0(0.5) MHz.
UV beams are counter-propagating, pass through the
holes in endcap electrodes and impinge the ion. To
align them we detect their induced AC Stark shift on
a 4S1/2 − 3D5/2 superposition state. Beam waists are
about 7.5(1.5) µm and 25(5) µm and up to 12 mW (only
a few µW used for spectroscopy) and 80 mW for the
213 nm and the 287 nm beam, respectively. Wavelengths
of the 852 nm and 1144 nm sources are measured by a
High Finesse WS8-2 wavemeter, calibrated to the nar-
row 4S1/2 → 3D5/2 clock transition of 40Ca+ [18].
We carried out the spectroscopy sequence: (i) Doppler
cooling using 397 nm, 866 nm and 854 nm laser beams
for 12 ms, and detecting ion fluoresence to asure the
properly cooled single ion, followed by (ii) frequency-
selective optical pumping in the 4S1/2(mJ = −1/2) with
99% purity [19] by applying 8 pulses of 20 µs length
near 729 nm, which drive the 4S1/2(mJ = +1/2)→
4D5/2(mJ = −3/2) transition, each follwed by a quench
using radiation near 854 nm for 5µs. (iii) Rapid-adiabatic
passage to the 3D5/2(mJ = −5/2) state using a 200 µs
pulse length and 200 kHz frequency sweep at 729 nm.
This initializes with 95% efficiency in the 3D5/2 state
with 1.168 s lifetime [20]. (iv) Exciting Rydberg states
via the intermediate 5P3/2(mJ = −3/2) level using two
beams near 213 nm and 287 nm. Both beams are circu-
larly polarized (σ+213/σ
+
287 for S states, and σ
+
213/σ
−
287 for
D states) to drive the electric dipole-allowed transitions
with ∆mJ = ±1. Excited Rydberg states exhibit life-
times in the order of a few µs and decay predominantly
into the S1/2 ground state. Therefore, successful Ryd-
berg excitation was detected from a population reduc-
tion in the 3D5/2 state. (v) For this we switch on laser
radiation at 397 nm and 866 nm for 3 ms and observe
laser-induced fluorescence on the EMCCD. The detec-
tion of UV-fluorescence indicates a successful Rydberg
excitation, while we observe no fluorescence if the ion re-
mained in the 3D5/2. The experimental sequence from
(i) to (v) is repeated, typically in 50 cycles. The results
in (v) are averaged, where we exclude data without suc-
cessful initial ion detection in (i). Finally, the scanning
parameter, e.g. the laser frequency is stepped to the next
value.
In preparation for the Rydberg excitation, we inves-
tigated the 3D5/2 to 5P3/2 transition. Only the laser
near 213 nm was used for 1 ms in step (iv), deplet-
ing the 3D5/2 population if resonant with the transition
(Fig. 2(a)). Now, to measure Rydberg spectra we employ
two different methods: Either we scan the detuning ∆287
of the second laser over the resonance, while we chose a
fixed detuning of ∆213 ∼100 MHz, thus mitigating decay
from the short-lived intermediate level 5P3/2. Both laser
fields are switched on at step (iv) of the sequence for a
1 ms duration. Successful Rydberg excitation depletes
the population in D5/2, and the resonance appears as a
dip (Fig. 2(b)). Alternatively, we fix ∆213 resonant for
the 5P3/2 transition and vary the detuning ∆287. Be-
cause of scattering events to the short-lived 5P3/2 state
(τ ∼ 34.8(7) ns [21]) the population in D5/2 is trans-
3ferred to the ground 4S1/2 state. However, as the second
laser approaches a Rydberg resonance, the levels couple
and the 5P3/2 becomes energetically shifted. Thus, the
213 nm light field is off-resonant with such intermediate
dressed state and population remains in the 3D5/2 state,
and hence the resonance appears as peak (Fig. 2(c)).
This excitation method is understood from quantum in-
terference (QI), similar as in electromagnetically induced
transparency for an atomic three-level system [22, 23].
Ions in highly excited Rydberg states may be unstable
from ionization due to the electric field of the trap [14] or
from transitions driven by black body radiation [24]. We
observe that such doubly ionized Ca2+ remains trapped,
inaccessible by the optical fields [25]. We recorded such
events and normalized the rate by the rate of successful
excitations to the Rydberg states. Losses are increasing
from 1.8(4) 10−3 for n = 38 to 8.0(2.8) 10−3 for n = 52,
see table I, the rate follows a power law scaling with
n5.7(9), see supplementary material A. From the match
with the expected power law n5 in Ref. [24] we conjec-
ture black-body radiation as the dominant loss effect.
For QI spectroscopy no ion loss is observed as it involves
Rydberg-dressing only. Background gas collisions losses
occur at time scales of hours and are negligible.
We fitted the 3D5/2 → 5P3/2 transition resonance to a
Voigt profile (Fig. 2(a)). The theoretical profile is taking
into account the theory value of the natural linewidth [21]
of 2pi × 4.57(9) MHz, and an additional laser linewidth
broadening of 1.0(0.5) MHz. The Doppler broadening
extracted from the fit is 4.5(1.1) MHz. The Zeeman
shift for the 3D5/2(mJ = −5/2)→ 5P3/2(mJ = −3/2)
was measured to be 7.80(1) MHz using resolved side-
band spectroscopy in the 4S1/2 →3D5/2 transition. We
determine a centroid frequency of the 5P3/2 state at
1 817 081.257(30) GHz. The error budget includes a
13 MHz systematic uncertainty due to the wavemeter, a
10 MHz calibration frequency uncertainty and 7 MHz sta-
tistical uncertainty from the fitting, see Supplementary
Material. Our measurement is 10 times more accurate
and with 2.7 σ (+800 MHz) above the accepted value of
1 817 080.5(0.3) GHz [26].
To analyse the obtained Rydberg spectra, we com-
plete the line model by taking into account the polar-
izability of high n-states and quadrupole couplings to
the dynamic Paul trap potential [4]. In these calcu-
lations, the following systematic shifts and broadening
mechanisms were considered: The Doppler broadening
effect is largely suppressed as both exciting UV beams are
counter-propagating. We calculate the residual Doppler
broadening to be about 2.1(0.1) MHz for a wavepacket in
thermal motion with T ≈ 2.6 mK, while the relativistic
Doppler shift is fully negligible. The natural linewidths
of the excited Rydberg states [27] are about an order
of magnitude smaller as compared to the combined laser
linewidth of both UV beams which account for 2(1) MHz.
Before each run of data acquisition, we minimize the ion’s
excess micromotion, occuring when the ion is displaced
from the trap center [28]. This procedure requires a pre-
cise measurement and compensation of parasitic static
electric fields. For this, we used resolved sideband spec-
troscopy on the 4S1/2 → 3D5/2 transition [29] and de-
termined Erms ≤ 40(10) V/m, with the error estimated
from the ion positioning in the xy-plane. Owing to the
polarizibility of Rydberg states [9, 11], such electric field
may lead to a quadratic Stark shift. In case of the 65S,
the state with the highest electric susceptibility interro-
gated in this work, this shift accounts for −13(6) MHz.
A further important effect is due to the AC Stark shift
from coupling the Rydberg electron to the RF electric
field. This effect is present even when parasitic electric
fields are perfectly compensated and leads to a change
of the ion motional frequency ω′x,y ≈
√
ω2x,y − 2αγ2/M ,
with secular trapping frequencies ωx,y for the electronic
ground-state, the ion mass M , the excited state polar-
iziability α and the gradient γ of the RF field. Using
perturbation theory, the energy shift is proportional to
the polarizability of the excited states [14]. The effect
manifests itself as a phonon-dependent shift and causes
asymmetric lineshapes [10]. Note that this energy shift
is noticeable for the motional modes in the xy-plane be-
cause of the comparably strong RF confinement along
the radial directions, while it is about two orders of mag-
nitude reduced for axial modes along z-direction, under
typical operation conditions. For each set of radial Fock
states with phonon numbers nx, ny, the resonance shifts
by δωsec = nxδωx + nyδωy, where ∆ω is ω
′
x,y −ωx,y. We
sum up Voigt profiles with these shifts over the respective
probabilities to find n in a thermal phonon distribution
pn = n
n
thexp(−nth)/n! with average number nth and used
calculated values for α [30]. While we vary ion temper-
ature, we keep the common linewidth of both excitation
lasers at 2(1) MHz and fit the corresponding line pro-
file to the data, resulting in average ion temperatures of
2.6(0.2) mK. As polarizability scales with the principal
quantum number as n7, the line asymmetry and broad-
ening are more pronounced for higher Rydberg states,
see Table I.
Having corrected for all the above shifts and taken into
account the frequency shift +15.60(1) MHz due to the
Zeeman splitting, we determined the center frequencies
and linewidths as presented in Table I. A similar proce-
dure was applied in analyses of nD lines. The absolute
accuracy for measuring the Rydberg resonances is limited
by the WS8-2 wavemeter and its frequency calibration,
which results in a total systematic error of 73 MHz for
laser frequencies near 213 nm and 287 nm wavelength,
see supplementary material B. The statistical uncertain-
ties due to the wavemeter calibration and the line fitting
account for 10 MHz. For Rydberg spectra obtained using
the QI method, we modelled the resonance using an addi-
tional Lorenzian broadening that scales with the coupling
4TABLE I. Rydberg transition frequencies including uncertainties from systematic and statistical errors, full width at half
maximum linewidths (FWHM) and ion loss probabilities for nS1/2 and nD5/2 states for a single trapped
40Ca+ ion. Linewidths
extracted from QI spectra are marked with asterisks.
n νnS1/2 [GHz] FWHM [MHz] Ploss[%] νnD5/2 [GHz] FWHM [MHz]
37 – – – 2 860 629.105(83) 3.1(0.6)/5.4(0.4)*
38 2 860 531.993(83) 3.3(0.7)/22.9(0.7)* 0.18(4) 2 861 154.272(83) 9.3(0.7)*
39 2 861 064.764(83) 3.3(0.4) 0.22(4) 2 861 638.895(83) 4.8(0.3)/9.5(1.7)*
40 2 861 556.219(83) 3.9(0.8) 0.31(7) 2 862 087.091(83) 3.7(0.7)/6.8(0.9)*
41 2 862 010.570(83) 3.0(0.6) 0.46(11) 2 862 502.389(83) 9.5(0.9)*
42 2 862 431.419(83) 5.2(0.7) 0.38(9) 2 862 887.930(83) 15(3)*
43 2 862 821.966(83) 3.7(0.8) 0.60(17) 2 863 246.513(83) 4.3(0.7)*
44 2 863 185.171(83) 3.9(0.9) 0.41(13) 2 863 580.555(83) 6.2(0.7)*
45 2 863 523.328(83) 6.0(0.8) 0.43(11) 2 863 892.284(83) 5.8(1.3)*
46 2 863 838.864(83) 3.5(0.6) 0.79(21) 2 864 183.640(83) 6.8(0.8)*
47 2 864 133.678(83) 6.1(1.2)/13.1(0.5)* 0.69(21) 2 864 456.336(83) 6.5(1.4)*
48 2 864 409.543(83) 5.2(0.8) 0.81(28) 2 864 711.949(83) 5.8(0.7)*
49 2 864 668.058(83) 9.7(0.6)* – 2 864 951.927(83) 11(5)*
50 2 864 910.688(83) 6.5(0.7) 0.80(28) 2 865 177.383(83) 7.5(1.0)*
51 2 865 138.602(83) 13.1(0.6)* – – –
52 2 865 353.058(83) 18.8(0.6)* – – –
55 2 865 925.507(83) 12.2(0.6)* – – –
60 2 866 690.197(83) 16.2(0.6)* – – –
65 2 867 280.663(85) 16.3(0.9)* – – –
strength between the 5P3/2 and Rydberg states [31]. The
Rydberg frequencies are shown in Table I.
To determine the ionization energy I++ and quantum
defect parameters, we fitted the transition energies to the
Rydberg-Ritz formula [32]:
En,l,j =I
++ − Z
2R∗
(n− µ(E))2+
Z4α2R∗
(n− µ(E))3
[ 3
4(n− µ(E)) −
1
(j + 1/2)
] (1)
Here, Z (=+2) is the charge of the ionic core
and µ(E) denotes the quantum defect. Using rec-
ommended fundamental constants [33] and the Ca+
mass [34], we calculated the reduced Rydberg constant
R∗ =3 289 796.799 59(2) GHz. The energy dependence
of the quantum defect µ(E) can be approximated by a
truncated Taylor expansion:
µ(En,l,j) ≈µ0l,j(I++) +
∂µ
∂En,l,j
(En,l,j − I++)
=µ0l,j(I
++)− ∂µ
∂En,l,j
R∗
(n− µ1l,j)2
,
(2)
with coefficients µ0l,j , µ
1
l,j , and ∂µ/∂En,l,j . For the
states with n ≥ 37, the contribution of higher order
terms extending Eqn. 2 is smaller than the measure-
ment uncertainties, while the second term contribution
is in the order of experimental uncertainties. Thus,
energy-dependent coefficients have to be extracted us-
ing also nS1/2 states with 5 ≥ n ≥ 10 and nD5/2
states with 5 ≥ n ≥ 16 from Ref. [33]. We verified
that the ionization potentials extracted from fitting S-
series, shown in Fig. 2(d), and the D-series are in good
agreement, see Tab. II. The ionization potential for
Ca+ extracted from the correlated fit using both data
sets is 2 870 575.582(15) GHz. The uncertainty stems
from the fitting that includes errors in Tab. I. When
we use only our results for high-lying nS states together
with fixed values for ∂µ/∂En,l,j and µ
1
l,j [35], we obtain
I++ =2 870 575.529(78) GHz, with larger error, in full
agreement with the previous result.
Our results for quantum defect coefficients of nS1/2
and nD5/2 series are given in Table II. These values are
close to those which one can compute by fitting only to
low-lying lines in [33]; however, the accuracy of µl has
been improved by a factor of 3. We compared our values
5TABLE II. Ionization energy and quantum defects calculated for the nS1/2 and nD5/2 states of
40Ca+. The accepted value
from Ref. [33] is given in the first row.
Investigated states I++ [GHz] µ0l,j R
∗∂µ/∂En,l,j µ1l,j Reference(s)
2 870 568.8(9) [33]
nS1/2, n=5–10 2 870 577.3(7) 1.803033(15) −0.1952(5) 2.1127(26)
nS1/2, n=5–10,38–52,55,60,65 2 870 575.571(20) 1.802995(5) −0.1963(2) 2.107(1) this work
nD5/2,n=5–16 2 870 577.4(8) 0.62696(3) −0.070(1) 1.71(2)
nD5/2,n=5–16,37–50 2 870 575.596(23) 0.626888(9) −0.0723(5) 1.671(9) this work
Complete set nS1/2, nD5/2 2 870 575.582(15) this work
for quantum defects with those obtained from an accu-
rate calculation of the Rydberg eigenenergies for Ca+ [36]
by calculating the energy differences from Eqn. 1, see sup-
plementary material C. We calculate these energy differ-
ences below 750 MHz for the nS1/2 series and down to
100 MHz for the D5/2 series for the range of n that we
measured. This demonstrates that Rydberg spectroscopy
is challenging theoretical calculations now at a much re-
fined level.
In conclusion, we presented Rydberg spectroscopy of a
single trapped Ca+ to precisely determine parameters of
the quantum defect theory. We improved the accuracy
for quantum defects of S and D-states and the ioniza-
tion energy I++, for which we suggest a new value. The
corresponding modeling of specific shifts and broadening
effects has been implemented and is successfully tested.
Even high-lying Rydberg states are found to be stable
in the dynamic Paul-potential. Such Rydberg states of-
fer a novel platform with outstanding opportunities for
tailoring strong dipolar state-dependent couplings, even-
tually investigating correlated many-body systems. In
future we will complement Rydberg spectroscopy by driv-
ing microwave transitions for exciting states with longer
lifetimes, suited for fast quantum entangling operations
in ion crystals [12, 13].
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7SUPPLEMENTARY MATERIAL: PRECISION MEASUREMENT OF THE IONIZATION ENERGY OF A
SINGLE TRAPPED 40CA+ ION BY RYDBERG SERIES EXCITATION
A. Ion loss probability
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FIG. 3. Loss probability data from fourth column of Table
I plotted as a function of principle quantum number in log-
log scale. We extract a power law scaling (blue) as n5.7(0.9),
and show the 95% confidence band (light blue). The expected
power law n5 from ionization due to black-body radiation is
plotted for comparison [1] (red).
B. Wavemeter accuracy cross-check
The manufacturer states an absolute 3σ accuracy for
the of WS8-2 of 10 MHz for wavelengths ±200 nm
around calibration wavelength and of 30 MHz outside
this range [2]. Wavelengths of lasers used to excite Ry-
dberg states are measured at fundamental wavelengths
852 nm and 1145 nm. Thus, the 1σ accuracy results
in 3.3 MHz and 10 MHz, respectively. To check this
manufacturer-certified accuracy, we repeated 1680 mea-
surements of both fundamental wavelengths (852 nm and
1145 nm) and compared them with that for the sec-
ond harmonic (426 nm and 572 nm). For both com-
parisons the fundamental and frequency doubled wave-
lengths are in different accuracy ranges with respect to
the calibration wavelength of 729 nm. The values were
compared by taking a frequency difference of averaged
values νSHG − 2 × νfund, see Table III and fig. 4. The
shift of the histogram centers is +4.1 MHz and -1.4 MHz
confirming an accuracy within the stated specifications of
the manufacturer. The reproducibility is extracted from
the standard deviation of the histogram of measured dif-
ferences results in 0.17 MHz and 0.18 MHz for 852 nm
and 1145 nm respectively.
C. Comparison of calculated and measured quantum
defects
[1] Quasiclassical calculations of blackbody-radiation-
induced depopulation rates and effective lifetimes of Ry-
dberg nS, nP , and nD alkali-metal atoms with n ≤ 80,
I. Beterov, I. Ryabtsev, D. Tretyakov, V. Entin, Phys.
Rev. A 79 052504 (2009)
[2] WS8-2 technical data, HighFinesse, Wo¨hrdstraße
472072 Tu¨bingen, Germany (2020)
[3] Rydberg spectrum of a single trapped Ca+ ion: A
Floquet analysis, M. Pawlak, H. Sadeghpour, Phys. Rev.
A 101 052510 (2020)
8TABLE III. Fundamental and second harmonic of laser systems near 213 nm and 287 nm measured with HighFinesse WS8-2
wavemeter. The histogram consists out of 1680 measurements. νfund denotes fundamental frequency, while νSHG denotes
frequency of second harmonic.
νfund [MHz] 2× νfund [MHz] νSHG [MHz] νSHG − 2× νfund [MHz]
703 019 461.1 351 509 728.5 703 019 457.0 4.1
523 249 577.7 261 624 789.6 523 249 579.1 -1.4
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FIG. 4. Histograms of νSHG − 2 · νfund, where νfund denotes frequency of laser fundamental frequency and νSHG – generated
second harmonic frequency. Both frequencies are measured by High Finesse WS8-2 wavemeter and each histogram contains
1680 measurements. a) Histogram for laser near 852 nm. b) Histogram for laser near 1145 nm. We fit the data to a Gaussian,
revealing centers of +4.1 MHz and -1.4 MHz.
TABLE IV. The calculated values for the S and D quantum
defect [3] and the values revealed from the Rydberg spec-
troscopy data in Tab. II are used to determine the difference
frequencies ∆ν = νexp. − νtheo.. This difference accounts for
about 1.9 · 10−8 to 2.9 · 10−7 of the Rydberg state energy for
the investigated range of principal quantum numbers n.
n ∆νS [MHz] ∆νD [MHz]
37 – 178.4
38 -752.3 169.7
39 -689.8 161.4
40 -633.9 153.6
41 -583.6 146.3
42 -538.4 139.4
43 -497.6 133.0
44 -460.7 126.9
45 -427.3 121.2
46 -396.9 115.8
47 -369.2 110.7
48 -344.0 106.0
49 -320.9 101.5
50 -299.7 97.2
51 -280.3 –
52 -262.5 –
55 -217.0 –
60 -161.2 –
65 -122.4 –
